INTRODUCTION 99
With more than half a million new cases diagnosed each year in the world and with a 100 similar number of deaths, liver cancer is the fifth most commonly diagnosed cancer in 101 the world and the second most common cause of cancer-related mortality [1] . 102 Hepatocellular carcinoma (HCC) represents the major primary malignancy of the liver 103
[2], with an incidence rate that is growing in the Western World [3] . The main 104 reasons for this increase are the epidemic of hepatitis C virus, alcohol abuse, and the 105 surge in obesity [1] [2] [3] . Moreover, growing evidence supports the role of non-alcoholic 106 fatty liver disease (NAFLD) and its complication, non-alcoholic steatohepatitis 107 (NASH), as risk factors for HCC [4] . NAFLD, characterized by excessive fat 108 accumulation in the liver, termed steatosis, is the most common liver disease in 109 developed countries. The disease can progress to NASH with the appearance of 110 histologic features of hepatocellular inflammation, ballooning, Mallory-Denk bodies 111 and fibrosis. NAFLD is strongly associated with the prevalence of obesity and type 2 112 diabetes [5] , and both diseases are established as major risk factors for the 113 development of HCC [6, 7] . Lifestyle changes, which include weight loss and 114 increasing physical activity, are the best preventive and curative measures against 115 obesity and diabetes, and several studies have demonstrated the beneficial effect of 116 physical activity in the prevention of the progression of NAFLD to NASH [8] . 117 Accumulating evidence suggests that physical activity and regular exercise provide 118 other health benefits, including relief of cancer treatment-related symptoms, such as 119 fatigue [9] , but also protection against cancer and improved survival in those with 120 cancer. It has recently been demonstrated that physical inactivity is associated with 121 5% to 12% of breast and colon cancers [10] , while for breast cancer sufferers, 122 physical activity has been shown to be associated with decreased incidence and 123 reduced risk for recurrence and mortality [11, 12] . Similarly, a reduced risk and 124 6 improvement of survival were observed with physical activity in patients with 125 colorectal cancer [12] [13] [14] . Literature concerning physical activity and HCC is sparse, 126 although one study has reported a reduced hazard ratio for HCC development with 127 low level of activity, with a further decreased risk of tumor development demonstrated 128 with higher physical activity [15] . 129
Using the hepatocyte-specific PTEN (phosphatase and tensin homolg deleted from 130 chromosome 10) -deficient mouse model (AlbCrePten flox/flox ), which is characterized 131 by the spontaneous development of steatohepatitis and HCC [16], we aimed in the 132 present study to verify whether regular exercise may impact liver tumor growth in a 133 fatty liver environment. 134
MATERIAL AND METHODS 135

Animals and dietary treatment 136
Male AlbCrePten flox/flox mice [16] were supplied from our own animal facility 137 (University of Berne, Berne, Switzerland). The mice were 7-9 weeks old and were 138 divided into two groups: sedentary (n=10) and exercise (n=10). 139
All mice received a standard diet (Kliba Nafag, Kaiseraugst, Switzerland, the diet 140 composition is presented in Supplementary Table S1 ). The mice had free access to 141 both food and distilled water throughout the duration of the experiments, except for 142 duration of their experimental exercise, and that of the glucose tolerance test and 143 blood sampling, which required animals to be fasted. Body mass was measured 144
weekly. Animals received humane care in accordance with the regulations for 145 laboratory animals and experiments were performed following protocols approved by 146 the animal use committee of the Canton of Berne, Switzerland. 147
148
Exercise protocol 149
Mice were given an exercise regime over 32 weeks. At the beginning of the 150 experiment, mice of the exercise group were gradually introduced to running on a 151 treadmill (Förderband GFB, Elmotec, Kleindöttingen, Switzerland) by exposing them 152 to increasing speed of the treadmill for increasing amounts of exercise time 153 (acclimatisation phase; Supplementary Fig. 1 nodules, compared to 100% of sedentary mice (Fig. 1A) . As shown in Fig. 1A Fig. 2A ). Similarly, basal fasted and 190 fed glucose levels were not affected by exercise after 30 weeks of exercise 191 (Supplementary Table 2) . Table 4 ). By applying 260 more stringent parameters, 6 pathways were found to be significantly altered. 261
Interestingly, these pathways were mostly involved in fatty acid metabolism (Fig. 5) . 262 AMPK activation is known to phosphorylate and inactivate a number of metabolic 263 enzymes involved in lipid metabolism, especially ACC, a key enzyme in fatty acid 264 synthesis whose phosphorylation by AMPK leads to its enzymatic inactivation [19] . 
